In distribution systems, supplying a reactive power along the distribution lines is essential in order to bring benefits such as power loss reduction, the voltage profile improvement, and maximizing cost saving. Shunt capacitors have been used for this purpose but the scope of these benefits depends on an appropriate location, and size of these capacitors. This paper proposes a hybrid technique consist of a Fuzzy Expert System (FES) and Dragonfly Algorithm (DA) methods to determine capacitors placement and their sizing in radial distribution system level of smart grids. The fuzzy expert system is utilized to determine the suitable locations placement of capacitors and dragonfly algorithm is utilized to find their size. This proposed method is tested at IEEE 69-bus distribution system. The obtained simulation results are compared with an existing optimization algorithm.
Introduction
The final stage of delivery of electricity form transmission system to consumers is distribution system in which the majority of the power losses happen because of flowing heavy currents in distribution lines. Studies on power systems showed that relatively 13% of total power generated is wasted in the form of losses at the distribution system [1] . This percentage of distribution power loss can be minimized and a voltage profile can be maintained within permissible range limits through installation of shunt capacitors. The extend of these benefits relies on the proper location, and size of these capacitors.
Related literature
Many hybrid techniques have been suggested for solving the capacitor placement problem. B. Souza et al. [2] introduced a genetic algorithm in conjunction with fuzzy logic. The objective function was maximizing cost savings. The proposed method is tested on a 34-bus system and the results are compared to the solution given by another search technique. B. Venkatesh et al. in [3] have proposed an evolutionary programming algorithm (EPA) that handles the problems of sitting and sizing of new shunt capacitors simultaneously while considering transformer taps, existing reactive-power sources and reconfiguration options. A fuzzy model of the objective function is developed for optimization in the EP framework. The proposed fuzzy-EPA method is tested on a 69-bus radial distribution system. Y. Hsiao et al. [4] proposed a GA-fuzzy (GAF) approach for solving the discrete optimization problem of fixed shunt capacitor placement and sizing in the existence of voltage and current harmonics. A. Saric et al. [5] used a GA fuzzy as an optimization tool for real-time VVO of Serbian distribution system. In this case, fuzzy rules for power loss, voltage deviation, and degree of satisfaction were defined and then integrated into the GA environment to make it fast. M. Al-Hajri et al. [6] suggested a two-stage methodology to determine the proper size and locations of the capacitors for reactive power compensation of radial distribution systems. M. Prasanna et al. [7] used a new method of second order of a particle swarm optimization for calculating of capacitor sizing in radial distribution feeders for voltage profile improvement and reduction of power loss. The location of the buses or nodes is decided by a group of rules defined by the fuzzy system and the sizing of these capacitors is formed by the objective function to get maximum cost savings using the PSO.
P. Prasad et al. [8] have suggested a fuzzy-genetic approach. The location of the capacitors is identified using FES and the size of these capacitors is obtained using the genetic algorithm. The objective function is to maximize net savings in the distribution system. The proposed method is tested on 15 bus and 69 bus radial test systems. M. Reddy et al. in [9] present a fuzzy and particle swarm optimization technique for the placement of capacitors on the primary feeders of the radial distribution systems. The proposed method is tested on 15-bus, 34-bus, and 69-bus distribution systems. S. Kannan et al. [10] presented a fuzzy and hybrid Particle Swarm Optimization technique (HPSO). The location of the capacitors is specified by a set of rules by the FES and the size of the capacitors is obtained by HPSO. The suggested method is applied to a 34-bus test system. S. Saranya et al. [11] proposed a fuzzy-differential evolution technique. A group of rules defined by the fuzzy expert system which is utilized to identify the proper locations of capacitors and their size is modeled by an objective function to get maximum savings using differential evolution method. The proposed method is applied to an IEEE 15-bus test system. D. Das [12] proposed a combination of fuzzy multi-objective and genetic algorithm (GA) based approach for optimal capacitor placement. A sensitivity index is used in order to identify best buses for installation of the capacitors. The multi-objective function is maximized using GA for obtaining the optimum sizing of fixed and switched capacitors. The proposed technique is applied and tested on 51-bus and 69-bus test systems.
In this paper, a new method of optimization based on the behavior of dragonflies called as dragonfly algorithm (DA) is applied to find optimum size of capacitors in a radial distribution system for the first time. From the literature survey, it is clear that application of DA has not been discussed so far to solve a capacitor placement problem. This encourages taking up this algorithm for solving the mentioned above problem. On comparison of the results obtained by another optimization algorithm, the proposed algorithm reveals that optimal size of capacitors as obtained by the new DA is more effective in power loss reduction, maintaining voltage profile and maximize the net saving cost.
The organization of this paper as follows; Section 2 gives a problem formulation. The optimal locations of the shunt capacitor are identified using a fuzzy expert system in section 3, dragonfly algorithm is used to find the optimal their sizes and explained in section 4. Results and discussions for one case study presented in section 5. Finally, the conclusion is given in section 6.
Problem Formulation

Objective function
The objective function (1) is utilized to find the proper size and locations placement of the shunt capacitors. Backward and forward sweep approach is used as a power load flow tool [13] :
where, is total active power loss, / and / are total effective active and reactive power loads beyond the bus q, is the voltage at bus q, is the number of system buses, −1 is the total number of system branches, and is the resistance at branch k as displayed in Fig.1 Fig . 1 . Representation of two nodes in a distribution system
The objective function constraints
In order to find the best location and size of shunt capacitors, the objective function is subjected to the following constraints: 1) Bus voltage constraint: The voltage at each bus ( ) have to be within permissible minimum and maximum limits as:
≤ ≤ Where, = 0.95 V i min = 0.95 and = 1.05 2) Power flow constraint: The power flow in each line ( ) must be less than the maximum limit of power flow in this line ( ) as:
3) Overall power factor constraint: The overall system power factor ( ) must be greater than or equal to the minimum limit of power factor ( ) as: | | ≥ 4) Total reactive power constraint: The total installation of reactive power ( ) must be less than or equal the total load reactive power ( ) of the applied system as: ≤
Mathematical model for cost saving
The following cost saving equation used in this paper [14] :
Here, S is the saving in ($/year), is a factor to convert the active power loss into dollars ( $120 )/year, is a factor to convert the energy loss into dollars ( ) /year, ∆ is the difference between the system power loss before and after the installation of the capacitor, ∆ is the difference between energy loss before and after the installation of the capacitor, and is the installed reactive power in kVAr.
Fuzzy Expert System for Capacitor Placement
A fuzzy expert system provides a computational representation of heuristic knowledge about a specific problem. Fuzzy logic is originally proposed by L. Zadeh in 1965, it has been broadly applied in several areas of knowledge to solve mainly control and optimization problems [15] .
Methodology
The inputs to the fuzzy expert system are power loss and bus voltages indices and capacitor sensitivity index (CSI) is its output. Both of power loss index and capacitor sensitivity index ranges vary from 0 to 1 p.u with five L, LM, M, HM and H triangular membership functions for each. While, bus voltage range index varies from 0.9 to 1.1 p. u with three LM and H trapezoidal membership functions and two LM and HM triangular membership functions as shown in Figs. 2 to 4 . For the capacitor placement, rules are set to find the optimal locations of capacitor placement. These rules are represented as IF premise (antecedent), THEN conclusion (consequent). In this paper, the input antecedents are the bus voltages and PLI, and output consequent is the CSI. The rules are summarized in matrix form called decision matrix for CSI as given in Table 1 
Fuzzy expert system approach steps
The steps of the FES approach explain the methodology to identify the critical busses which are more suitable for capacitor placement:
1. Read the power system data. 2. Calculate power flow using backward-forward sweep approach as a load flow. 3. Determine total active power loss. 4. By injection the self-reactive power at each bus (one by one) and perform the backward-forward sweep approach to determinate the total active power losses in each case. 5. Calculate the power loss index (PLI) using the following equation:
where, is a loss reduction, is a minimum reduction, is a maximum reduction and N is a number of buses.
6. The PLI and VI are the inputs to the fuzzy system. 7. The outputs of fuzzy system are defuzzified. This provides the ranking of CSI values. The buses or nodes that have the highest value of CSI are the most fit for capacitor placement. 8. Stop.
Dragonfly Algorithm (DA) for Capacitor Sizing
Dragonfly algorithm is a new swarm-based meta-heuristic optimization algorithm and it is derived based on the behavior of the dragonflies. Dragonflies are considered as small predators that hunt almost all other small insects and other marine insects and even small fishes. Swarming behavior of dragonflies is unique and rare. Dragonflies swarm for only two purposes: hunting which is called static(feeding) swarm and migration which is called dynamic (migratory) swarm. The main inspiration of the dragonfly algorithm comes from static and dynamic swarming behaviors. These behaviors are very much like the two the main phases of optimization using meta-heuristics which are exploration and exploitation.
DA principles
The behaviour of dragonflies swarms follows up three primitive principles [16] :
 Separation denotes to the static collision avoidance of the individuals from other individuals in the neighborhood.
 Alignment indicates velocity matching of individuals to that of other individuals in the neighborhood.  Cohesion represents the individuals' tendency headed for the center of the mass of the neighborhood.
Mathematical models for DA
The prime objective of any swarm is survival, so all of the individuals should be lured towards food sources and distracted outward enemies. The separation is calculated as follows:
Here, X is the position of the current individual, j X refers to the position j-th neighboring individual, and N is the number of neighboring individuals. The alignment is calculated as follows:
Here, j V shows the velocity of j-th neighboring individual.
The cohesion is determined as follows:
Here, j X is the position j-th neighboring individual.
Attraction towards a food source is determined as follows:
Here, X  refers to the position of the food source. Distraction outwards an enemy is calculated as follows:
Here, X  refers to the position of the enemy. To update the position of the dragonflies in a search space and simulate their movements, two vectors are considered a step (∆ ) and position ( ):
Here, s is the separation weight, is the separation of the i -th individual, a is the alignment weight, is the alignment of i -th individual, c is the cohesion weight, is the cohesion of the i -th individual, f is the food factor, is the food source of the i -th individual, e is the enemy factor, is the position of enemy of the i -th individual, w is the inertia weight, and t is the iteration counter. After calculating the step vector, the position vectors are determined as follows:
Dragonfly algorithm steps
The DA steps for capacitor sizing are given below: 1. Initialize the dragonflies population of search agents (i = 1, 2... n). 2. Initialize step vectors ∆ (i = 1, 2... n).
3. Calculate the objective function values for all dragonflies using backward forward sweep algorithm as load flow tool to determine various node voltages and active power losses.
4. Update the food source and enemy in eqns. (7) and (8). 5. Update w, s, a, c, f, and e values in eqn. (9). 6. Calculate S, A, C, F, and E using eqns. (4) to (8) . 7. If a dragonfly has at least one neighboring dragonfly. Update velocity vector using (9) and position vector using eqn. (10). 8. Check and correct the new positions according to the boundaries of variables. 9. Repeat steps 3 to 8 until reach to maximum iteration. 10. Stop.
Results and Discussion
The proposed method is tested on IEEE 69-bus radial distributions system (RDS). Location for placement of capacitors is determined by FES approach and their sizes are evaluated using DA. The IEEE 69 bus radial distribution system consists of 1 slack bus (bus 1), 48 PQ buses and 68 branches as shown in Fig. 5 . Its nominal substation transformer is rated at 4.9 MVA and 12.66 kV [17] . Before capacitor placement (BCP), the initial power loss of this system is 225 kW. The maximum voltage and minimum voltages are 1 and 0.9092 p.u respectively. Total annual cost of power and energy losses are $27,000 and $98,550 as illustrated in Table 2 . After FES approach is applied for this system, it is observed that capacitor should be installed at five optimal locations i.e. buses 61,64,59,65 and 21, where capacitor sensitivity index value is higher as shown in Fig. 6 . The size of capacitors is calculated using dragonfly algorithm and presented in Table 2 . The total capacitor size injects 1.97 MVAr into the system which makes a percentage loss reduction of 42.52%. The voltage constraint is attained where the maximum voltage and minimum voltages are 1.008 and 0. 0.9506 p.u as shown in Fig.7 . Total annual cost of power and energy losses are $11,480 and $41,880 with a cost saving of $51,110 where the benefit-cost ratio is 22.72. The results of the proposed method for the IEEE 69 bus radial distribution system are compared with the results of particle swarm optimization with differentially perturbed velocity (PSO-DV) method in [18] . The proposed method shows that the performance and results are better when compared to the PSO-DV method. 
Conclusion
A hybrid technique consists of the fuzzy expert system and dragonfly algorithm has been presented for capacitor placement problem and tested on IEEE 69-bus radial distribution system level of smart grids to reduce the total power loss, to improve the voltage profile and to maximize the cost saving. The fuzzy expert system is used for finding the optimal locations for capacitor placement and optimal size is determined by using dragonfly algorithm method. Cost of power and energy losses, net savings, and benefit-cost ratio are also studied. The obtained results are compared with an existing optimization method; it is found that the proposed approach gives better results for the given system.
